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SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method for 
manufacturing a thin-type semiconductor device. Further, 
the present invention relates to a semiconductor device 
having a structure in which a semiconductor chip is bonded 
onto the surface of a solid device (for example, a wiring 
substrate or another semiconductor chip) , and a method for 
manufacturing the same. 

Further, the present invention relates to a 
semiconductor device which is advantageous to be three- 
dimensionally packaged and a method for manufacturing the 
same . 

Background Art 

A back side grinding step for grinding the back side 
of a semiconductor wafer (hereinafter referred to simply 
as wafer) in order to thin a semiconductor chip has been 
conventionally performed. The back side grinding step has 
been generally performed by adhering a soft protective 
film onto the surface of a wafer, then urging the wafer 
against a grinder through the protective film, and 
rotating the wafer in this state. 

However, in a cutting out step for cutting individual 



semiconductor chips out of the wafer, the wafer is handled 
by a robot. Further, in a step for mounting each cut-out 
semiconductor chip on a lead frame, the semiconductor chip 
is handled by a robot. Therefore, excessive pursuit of 
thinning of a semiconductor chip causes the wafer or the 
semiconductor chip to be broken, so that the yield rate 
is reduced. Especially nowadays, since wafers become 
large-diametered, wafers thinned by the back side grinding 
treatment are apt to be broken. 

In order to solve these problems, for example, in the 
Japanese Unexamined Patent Publication (KOKAI) No. 
11-150090 (1999) , it is proposed that after forming a group 
of projection electrodes on the surface of a wafer, a resin 
layer is formed on this surface of the wafer to use the 
resin layer as a protective and reinforcing plate. 
According to the method of manufacturing a semiconductor 
device disclosed in this Publication, after forming a 
resin layer, the back side of a wafer is ground, and 
further, the surface layer section of the resin layer is 
removed by etching. Thereby, the pro j ection electrodes are 
exposed. Thereafter, the resin layer is removed along a 
scribed line, and further, a nitride layer as a protective 
layer is formed in the region avoiding the projection 
electrodes. Then, the wafer is cut along scribed lines to 
cut out individual semiconductor chips. 
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According to this method, a wafer, after its back side 
being ground, is reinforced by a resin layer, and each 
semiconductor chip is reinforced by the resin layer. And 
in each semiconductor chip, the projection electrodes 
5 functioning as external connection electrodes are 
embedded in the resin layer. Thereby, the wafer and the 
semiconductor chip can be satisfactorily handled without 
being broken, and at the same time, the semiconductor 
device can be remarkably thinned in comparison with a 

10 structure in which outer terminals are pulled out by 
wire-bonding or the like. 

However, it is necessary to perform etching in order 
to expose the projection electrodes . At the time of etching, 
etching conditions must be determined so as to surely 

15 expose all of the projection electrodes, and therefore, 
the etching step is complicated and takes much time. 

Furthermore, according to the above-mentioned 
manufacturing method of the prior art, there is a problem 
that a wafer is warped because of the differences between 

20 the thermal expansion/contraction coefficients of the 
wafer and the resin layer during the time after forming 
the resin layer on the wafer and before grinding the back 
side of the wafer. Such a warped wafer is exaggeratedly 
shown in Fig. 18. When such a warped wafer is ground by 

25 a flat grinder, the wafer after being ground has different 
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thicknesses at the central region and the peripheral 
region thereof respectively . Consequently, semiconductor 
chips each having a uniform thickness cannot be obtained 
and in addition, sometimes a semiconductor chip cut out 
5 of the central region of the wafer may not be thinned to 
a desired thickness. 

On the other hand, one of structures capable of 
heightening the substantial integration density of a 
semiconductor device is a chip-on-chip structure. In a 
10 semiconductor device having a chip-on-chip structure, for 
example, as shown in Fig. 19, a secondary chip 102 is bonded 
face-down onto the surface of a primary chip 101, and 
external connection electrodesl03 are provided on the back 
side of the primary chip 101. Such a chip-on-chip structure 
15 is advantageous to obtain a high integration density of 
the elements. However, in addition to the thicknesses a, 
b of the primary chip 101 and the secondary chip 102, the 
height c of the external connection electrodes is required. 
Therefore, it is a defect that the whole height (a+b+c) 
20 becomes relatively high. 

Further, it is proposed that the space occupied by a 
semiconductor device is reduced by thinning a 
semiconductor package and three-dimensionally 
packaging or mounting the same. 
25 Fig. 20 is a sectional view showing an example of a 
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structure of a semiconductor device 70 proposed for the 
above-mentioned purpose. In the semiconductor device 70, 
a thin semiconductor chip 72 is disposed in a punched 
portion of a tape-shaped substrate 71, and the active 
5 surface (the upper surface in Fig. 20) of the semiconductor 
chip 72 is sealed with a protective resin 73. Inner leads 
74 are connected to the semiconductor chip 72 by single 
point bonding. The connection between the semiconductor 
% chip 72 and an outer packaging substrate 80 is achieved 

|I| 10 by outer leads 75 connected to the inner leads 74 on the 

f*\ 

q substrate 71. The three-dimensional packaging of the 

f|| semiconductor device 70 is performed by connecting the 

p outer leads 75 to the packaging substrate 80 respectively. 

m 

III However, in this structure, it is necessary to 

Q 15 individually connect outer leads 75 of each semiconductor 
device 70 to the packaging substrate 80. Therefore, the 
three-dimensional packaging steps are complicated and 
hard to perform. 

Further, in this structure, since the outer leads 75 
20 are pulled outwardly, there is a problem that the area 
occupied by the whole of the semiconductor device 70 
becomes relatively large. 
SUMMARY OF THE INVENTION 

A first object of the present invention is to provide 
25 a method for manufacturing a semiconductor device 
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capable of surely exposing projection electrodes by a 
simple step, and therefore capable of simplifying the 
whole manufacturing steps of the semiconductor device. 
A second object of the present invention is to provide 
5 a method for manufacturing a semiconductor device capable 
of satisfactorily performing a back side grinding 
treatment of a semiconductor substrate by preventing the 
semiconductor substrate from being warped, and thereby 
capable of favorably manufacturing a thin-type 
10 semiconductor device. 

A third object of the present invention is to provide 
a thin-type semiconductor device having a structure in 
which a semiconductor chip is bonded onto a solid device 
(for example, chip-on-chip structure), and a method for 
15 manufacturing the same. 

A fourth object of the present invention is to provide 
a semiconductor device which is advantageous to be 
three-dimensionally packaged or mounted, and a method for 
manufacturing the same. 
20 A method for manufacturing a semiconductor device 

according to a first aspect of the present invention 
comprises an electrode forming step of forming projection 
electrodes on the surface of a semiconductor substrate, 
a step of forming a protective resin layer on the whole 
25 surface of the semiconductor substrate provided with the 



# • 

7 



o 
m 

n 

. *» 



projection electrodes, a back side grinding step of 
thinning the semiconductor substrate by polishing or 
grinding the back side of the semiconductor substrate, and 
a surface grinding step of exposing the projection 
5 electrodes by polishing or grinding the surface of the 
semiconductor substrate. 

Either the back side grinding step or the surface 
grinding step may be performed first. 

According to the present invention, the projection 
10 electrodes formed on the surface of the semiconductor 
substrate can be exposed by the surface grinding step 
Hi comprising polishing or grinding the protective resin 

P layer so formed as to cover the surface of the semiconductor 

In 

III substrate. Therefore, the projection electrodes can be 

M 

P 15 exposed more simply, surely and in a shorter time than by 
etching. In the back side grinding step and the surface 
grinding step, the protective resin layer serves to 
reinforce the semiconductor substrate. Consequently, if 
the semiconductor substrate is ground to become thin in 
20 the back side grinding step, the semiconductor substrate 
can be handled without hindrance. 

In such a manner, a thin-type semiconductor device 
can be manufactured by a simple manufacturing process and 
the productivity can be increased. 
25 on the semiconductor substrate, a plurality of 
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elements constituting a plurality of semiconductor 
devices may be formed. In this case, preferably, a 
plurality of groups of projection electrodes for the 
plurality of semiconductor devices are formed in the 
5 electrode forming step, and the semiconductor substrate 
after completing the surface grinding step and the back 
side grinding step is cut to cut out pieces of semiconductor 
devices . 

% lt According to this method, a plurality of semiconductor 

CO 

h! 10 devices (semiconductor chips) are formed on a 

Q 

p semiconductor substrate (semiconductor wafer) . Before 

i 

ly cutting out individual semiconductor devices from the 

is 

p substrate, the semiconductor substrate is subjected to the 

5 

Hi back side grinding treatment and the surface grinding 

"'■4 

O 15 treatment. In this case, the semiconductor substrate 

before reaching the cutting out step is reinforced by the 
protective resin layer on its surface. Therefore, if the 
semiconductor substrate has a small thickness, it is 
prevented from being broken when handled. Further, in the 
20 cutting out step, the semiconductor substrate is protected 
by the protective resin layer and prevented from being 
broken . 

A method for manufacturing a semiconductor device 
according to a second aspect of the present invention 
25 comprises a step of forming a surface resin layer on the 
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surface of a semiconductor substrate, a step of forming 
a back side resin layer on the back side of the 
semiconductor substrate, and a back side grinding step of 
thinning the semiconductor substrate by removing the back 
5 side resin layer, through polishing or grinding, from the 
semiconductor substrate provided with the surface resin 
layer and the back side resin layer, and further polishing 
or grinding the back side of the semiconductor substrate 
from which the back side resin layer has been removed. 
10 Either the surface resin layer or the back side resin 

layer may be formed first, and the two layers may be formed 
at the same time. However, preferably, the surface resin 
layer and the back side resin layer are formed at such a 
short time interval that a warp of the semiconductor 
15 substrate, if caused, is insignificantly small . Otherwise, 
in order to prevent the semiconductor 

substrate from being significantly warped in the interval 
between forming the surface resin layer and forming the 
back side resin layer, the semiconductor substrate 
20 provided with either one layer is preferably put in a 
temperature-controlled environment till the other layer 
is formed. 

According to this invention, since resin layers are 
formed on both of the surface and the back side of the 
25 semiconductor substrate, thermal expansion/contraction 
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are equally caused in the surface and the back side of the 
semiconductor substrate. Consequently, in the back side 
grinding step, the semiconductor substrate is not in an 
undesirably warped state. Thus, the back side grinding 
5 step can be satisfactorily performed, so that the 
semiconductor substrate can be uniformly thinned in both 
of the central and peripheral regions. As a result, a 
thin-type semiconductor device can be favorably 
manufactured. 

10 An embodiment of the present invention further 

comprises a cutting out step of cutting out individual 
pieces of semiconductor devices by cutting the 
semiconductor substrate along cutting lines after 
completing the back side grinding step. 
15 According to this method, a plurality of pieces of 

semiconductor devices are cut out of the thinned 
semiconductor substrate. In this case, since the 
semiconductor substrate is uniformly thinned all over, 
pieces of thin-type semiconductor devices each having a 
20 uniform thickness can be obtained. 

The method may further comprise an electrode forming 
step of forming projection electrodes on the surface of 
the semiconductor substrate, and a surface grinding step 
for polishing or grinding the surface resin layer so as 
25 to expose the projection electrodes from the surface resin 
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layer. In this case, either the electrode forming step or 
the surface grinding step may be performed first. The 
cutting step is applied to the semiconductor substrate 
after completing the surface grinding step and the back 

side grinding step. 

A semiconductor device of a first aspect of the present 
invention comprises a first semiconductor chip (an example 
of a solid device) , a second semiconductor chip bonded onto 
the surface of the first semiconductor chip, projection 
electrodes for external connection formed on the surface 
of the first semiconductor chip, and a protective resin 
for sealing the surface of the first semiconductor chip 
in the state in which the head portions of the projection 
electrodes are exposed therefrom. 

In this structure, the second semiconductor chip is 
bonded onto the surface of the first semiconductor chip. 
And the projection electrodes are formed on the same 
surface of the first semiconductor chip, and the surface 
of the first semiconductor chip is sealed with the 
protective resin in the state in which the head portions 
of the projection electrodes are exposed. Consequently, 
the whole height of the semiconductor device can be reduced 
in comparison with a case in which external connection 
electrodes are provided on the back side of the first 
semiconductor chip. As a result, a thin-type chip-on-chip 
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semiconductor device can be realized. 

The head portions of the projection electrodes may be 
in the same plane with the protective resin or may be 
protruded from the surface of the protective resin. 
5 Further, as long as the head portions of the projection 
electrodes are exposed, the head portions of the 
projection electrodes may be depressed inwardly from the 
surface of the protective resin. 

Further, the second semiconductor chip may be embedded 
10 in the protective resin, or an inactive surface or a part 
of each side surface of the second semiconductor chip may 
be exposed from the protective resin. 

A chip-on-chip type semiconductor device having the 
above-mentioned structure can be manufactured by a method 
15 comprising a chip bonding step of bonding a plurality of 
semiconductor chips face-down e.g. onto the surface of a 
semiconductor substrate with their active surfaces 
opposed to the surface of the semiconductor substrate, an 
electrode forming step of forming a plurality of 
20 projection electrodes on the surface of the semiconductor 
substrate, a resin sealing step of sealing, with a 
protective resin, the semiconductor chip and the exposed 
surface of the semiconductor substrate after forming the 
projection electrodes in such a manner that the head 
25 portions of the projection electrodes are exposed, and a 
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cutting out step for taking out pieces of chip-on-chip 
type semiconductor devices by cutting the semiconductor 
substrate along the predetermined cutting lines. 

According to this method, a plurality of semiconductor 
chips are bonded onto the surface of the semiconductor 
substrate, and at the same time, a plurality of projection 
electrodes are formed on the same surface of the 
semiconductor substrate. Therefore, in the state of a 
semiconductor substrate ( semiconductor wafer ) , bonding of 
the semiconductor chips and forming of the proj ection 
electrodes can be performed. And thereafter, by cutting 
pieces of chip-on-chip type semiconductor devices out of 
the semiconductor substrate, a plurality of chip-on-chip 
type semiconductor devices can be efficiently 
manufactured . 

Since the surface of the semiconductor substrate is 
sealed with the protective resin and the semiconductor 
chips are bonded face-down onto the surface of the 
semiconductor substrate, the surface of the semiconductor 
substrate and each surface (active surface) of the 
semiconductor chip are sufficiently protected. 
Consequently, it is possible to realize a thin-type 
semiconductor package having a height nearly equal to the 
sum of the thicknesses of the semiconductor substrate and 
the semiconductor chip mounted thereon. 
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Further, by polishing or grinding the back side of the 
semiconductor substrate and the back surface side 
(inactive surface side) of the semiconductor chip by a 
grinder or the like, before a cutting out step, at need, 
a thinner semiconductor device can be obtained. 

The above-mentioned resin sealing step preferably 
includes an electrode exposing step of exposing the head 
portions of the projection electrodes by removing the 
surface layer section of the protective resin. Thereby, 
the projection electrodes can be surely exposed. 

The surface layer section of the protective resin may 
be removed by grinding using a grinder or the like, but 
another method such as etching may be applied. 

The above-mentioned electrode exposing step 
preferably includes a chip grinding step of simultaneously 
polishing or grinding the protective resin and the 
inactive surface side of the semiconductor chip. Thereby, 
the projection electrodes can be surely exposed and at the 
same time the semiconductor chip can be thinned. 

A semiconductor device according to the second aspect 
of the present invention comprises a substrate (an example 
of a solid device) , a semiconductor chip bonded face-down 
onto the surface of the substrate with its active surface 
opposed to the surface of the substrate, projection 
electrodes formed on and protruded from the surface of the 
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substrate onto which the semiconductor chip is bonded, and 
a protective resin for sealing the projection electrodes 
and the semiconductor chip in such a manner that the head 
portions of the projection electrodes are exposed. 

5 The projection electrodes are preferably provided 

surrounding the semiconductor chip (as close as possible 
to the semiconductor chip) . 

Further, the above-mentioned substrate is preferably 
a thin-type substrate such as a tape-shaped substrate or 

10 the like. 

According to this invention, a semiconductor chip and 
projection electrodes functioning as external connection 
electrodes are provided on the surface on the same side 
of a substrate . In this structure, by forming through holes 

15 in the substrate for enabling the electrical connection 
from the back side of the substrate to the base potions 
of the projection electrodes, a plurality of 
three-dimensionally stacked semiconductor devices can be 
easily electrically connected to one another through the 

20 through holes. 

Besides, by using projection electrodes, the area 
occupied by a semiconductor device can be reduced, and the 
lengths of the wirings of connecting three-dimensionally 
packaged or mounted semiconductor devices to one another 

25 can be shortened. 
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The above-mentioned through holes are preferably 
formed at the positions right below the projection 
electrodes . 

The above-mentioned semiconductor device can be 

5 manufactured by a method comprising a chip bonding step 
of bonding a semiconductor chip face-down on the surface 
of a substrate with its active surface opposed to the 
surface of the substrate, an electrode forming step of 
forming a plurality of projection electrodes on the 

10 surface of the substrate so as to be protruded from the 
surface of the substrate, and a resin sealing step of 
sealing, with a protective resin, the semiconductor chip 
and the projection electrodes in such a manner that the 
head portions of the projection electrodes are exposed. 

15 According to an embodiment of this method, a plurality 

of semiconductor chips are bonded onto the substrate in 
the chip bonding step, and a plurality of groups of 
projection electrodes corresponding to the plurality of 
semiconductor chips are formed in the electrode forming 

20 step. And by cutting the substrate along the predetermined 
cutting lines, pieces of semiconductor devices are cut 
out . 

By this method, a plurality of semiconductor devices 
can be manufactured at the same time. 
25 In this case, the resin sealing step is preferably 
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performed so as to seal the plurality of semiconductor 
chips and the plurality of projection electrodes as a whole . 
The protective resin for sealing the plurality of 
semiconductor chips may be integrated or separated for 
5 each semiconductor chip. When the protective resin for 
sealing the plurality of semiconductor chips is integrated, 
preferably the protective resin and the substrate are cut 
at the same time in the cutting out step. Therefore, it 
is preferable to perform the cutting out step after the 
10 resin sealing step. 

The resin sealing step may include a step of sealing, 
with a protective resin, the projection electrodes and the 
semiconductor chips, and a step of removing the surface 
layer section of the protective resin so as to expose the 
15 head portions of the projection electrodes. 

Preferably, the above-mentioned method for 
manufacturing a semiconductor device may further comprise 
a step of thinning the semiconductor chip by polishing or 
grinding the inactive surface of the semiconductor chip. 
20 In this step, the whole of the device may be thinned by 
polishing or grinding the protective resin at the same 
time . 

Preferably, for performing three-dimensional 
packaging or mounting, the method further comprises a step 
25 of forming through holes in the substrate for enabling the 
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electrical connection from the back side of the substrate 
to the base portions of the projection electrodes. In this 
case, the through holes are preferably formed at the 
positions right below the projection electrodes. 

The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of 
embodiments of the present invention given with the 
accompanying drawings . 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1(a) to 1(e) are schematically sectional views 
showing steps in order of a method for manufacturing a 
semiconductor device according to a first embodiment of 
the present invention. 

Fig. 2 is a schematically perspective view of a 
semiconductor device manufactured by the method of 
Figs.l (a) to 1 (b) . 

Figs. 3(a) to 3(f) are schematically sectional views 
showing steps in order of a method for manufacturing a 
semiconductor device according to a second embodiment of 
the present invention. 

Fig. 4 is a schematically perspective view of a 
semiconductor device manufactured by the method of Figs. 
3 (a) to 3(e) . 

Fig. 5 is a perspective view showing the structure of 
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a semiconductor device according to a third embodiment of 
the present invention. 

Figs. 6(a) to 6(e) are sectional views showing steps 
in order of a method for manufacturing the semiconductor 
device of Fig. 5. 

Fig. 7 is a sectional view showing the structure of 
a semiconductor device according to another embodiment of 
the present invention . 

Fig. 8 is a sectional view showing the structure of 
a semiconductor device according to a further embodiment 
of the present invention. 

Fig. 9 is a sectional view explaining steps of a method 
for manufacturing a semiconductor device according to a 
further embodiment of the present invention. 

Fig. 10 is a perspective view showing the structure 
of a semiconductor device according to an embodiment of 
the present invention. 

Figs. 11 (a) to 11 (f ) are sectional views showing steps 
in order of a method for manufacturing the semiconductor 
device of Fig. 10. 

Fig. 12 is an enlarged sectional view showing the 
structure in the vicinity of the projection electrodes. 

Fig. 13 is a perspective view explaining the 
three-dimensional packaging of the abovementioned 
semiconductor devices . 
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Fig. 14 is a perspective view showing the structure 
for connecting specified projection electrodes of a 
specified semiconductor device to a packaging substrate 
independently of other semiconductor devices, 
5 Fig. 15 is a sectional view showing three-dimensional 

packaging of semiconductor devices containing different- 
sized semiconductor chips. 

Fig. 16 is a sectional view showing the structure of 

n 

%l] a semiconductor device according to an eighth embodiment 

m 

III 10 of the present invention. 

9 

Q Fig. 17 is a sectional view showing the structure of 

lil a semiconductor device according to a ninth embodiment of 

is 



y the present invention, 



Fig. 18 is a schematic view explaining a problem of 

- 3 = T 

J** 15 warping caused when a resin layer is formed only on the 
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surface of a wafer. 

Fig. 19 is a schematic view explaining the structure 
of a conventional chip-on-chip type semiconductor device. 

Fig. 20 is a sectional view showing an example of a 
20 three-dimensional packaging of a thin-type semiconductor 
device by a prior art. 

MODES FOR CARRYING OUT THE INVENTION 

Figs. 1(a) to 1(e) are schematically sectional views 
showing steps in order of a method for manufacturing a 
25 semiconductor device according to an embodiment of the 
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present invention. A semiconductor wafer W (hereinafter 
referred to simply as wafer W) has been subjected to a 
variety of element forming steps, wiring forming steps and 
the like, and its surface 1 on an active surface layer 
5 region side is covered with a protective layer 
(passivation layer) comprising a nitride layer or the like. 
A pad (not shown) for external electric connection is 
exposed from the protective layer. 

As shown in Fig. 1(a), a plurality of projection 
10 electrodes T made of, for example, gold (Au) are formed 
on the pad (electrode forming step) . Preferably, these 
projection electrodes T are formed by, for example, 
electrolytic plating, and the height of each projection 
electrode T from the surface of the protective layer is, 
15 for example, about 25 /im. Each pro j ection electrode T is 
in the form of a cylinder such as a circular cylinder or 
a rectangular cylinder. In addition to gold, solder and 
the like can be used as the material of the projection 
electrodes . 

20 After forming the projection electrodes T, as shown 

in Fig. 1(b), a protective resin layer 3 is formed over 
substantially the whole of the surface of the wafer W 
(protective resin layer forming step) . The protective 
resin layer 3 is formed of, for example, an epoxy resin 

25 or the like and by, for example, a screen printing method. 
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Preferably, the protective resin layer 3 has a thickness 
capable of embedding the projection electrodes T thereinto. 
In concrete, the protective resin layer 3 preferably has 
a thickness of about 100 \x m and such a protective resin 
5 layer 3 can fulfill its function of reinforcing the wafer 
W which has been subjected to the back side grinding 
treatment even after the following surface grinding 
treatment . 

Thereafter, as shown in Fig. 1 (c) , the back side 2 

10 of the wafer W is ground, for example, using a grinder (back 
side grinding step) . Thereby the wafer W is thinned to a 
predetermined thickness tw (for example, tw being about 
50 jim) . Since the surface 1 of the wafer W is protected 
by the protective resin layer 3, it is not necessary to 

15 use a protective film or the like for protecting the wafer 
W in the back side grinding step. 

Further, as shown in Fig.l (d) , the surface 1 of the 
wafer W is ground similarly using, for example, a grinder 
(surface grinding step) . Precisely, the surface of the 

20 protective resin layer 3 is ground to expose the head 
portions of the projection electrodes T, and after the 
projection electrodes T are exposed, both of the 
protective resin layer 3 and the projection electrodes T 
are simultaneously ground. This surface grinding 

25 treatment is performed till the thickness t3 of the 



23 



protective resin layer 3 becomes, for example, about 50 
/im. After the surface grinding step is completed, the 
surface of the protective resin layer 3 and the top surfaces 
of the projection electrodes T are in the same plane. In 
5 this surface grinding step, the back side of the wafer W 
must be held by, for example, a vacuum chuck device, but 
it need not be particularly protected by a protective film 
or the like. 

Thereafter, as shown in Fig. 1(e), the protective 

10 resin layer 3 and the wafer W are cut by a dicing saw 5 
along scribed lines, and pieces of semiconductor chips C, 
the perspective view of each of which is shown in Fig. 2, 
are cut out (cutting out step) . 

In the back side grinding step and the surface 

15 grinding step, the whole of the wafer w is reinforced by 
the protective resin layer 3 formed on the surface 1 of 
the wafer W. Therefore, the wafer W is satisfactorily 
ground without being broken, so that thinning of the wafer 
W can be advantageously performed. 

20 Further, in handling the wafer W before the cutting 

out step and in cutting the wafer W by the dicing saw 5, 
the protective resin layer 3 reinforces the wafer W, and 
therefore, the wafer W and the semiconductor chips C are 
prevented from being broken. Accordingly, the wafer W can 

25 be thinned to a desired thickness, which can contribute 
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to thinning of the semiconductor chips. 

In the final shape of the semiconductor chip C shown 
in Fig. 2, the protective resin layer 3 protects the surface 
1 (active surface) of the wafer W. Further, the top 
5 surfaces of the projection electrodes T are exposed from 
the protective resin layer 3. Therefore, it is not 
necessary to package additionally the semiconductor chip 
C. By the abovementioned steps, highly thinned 
semiconductor package can be obtained. 
10 According to this embodiment, as abovementioned, it 

is possible to manufacture thin-type semiconductor chips 
C in which the projection electrodes T are surely exposed, 
by simple and short time treatment of grinding a wafer W 
from both sides of the surface and the back thereof. This 
15 can simplify the process of manufacturing thin-type 
semiconductor chips C and contribute to the improvement 
of the productivity thereof. 

In the abovementioned embodiment, the back side 
grinding step (Fig. 1 (c) ) is performed first, and then 
20 the surface grinding step (Fig. 1(d)) is performed. 
However, it is possible to perform the surface grinding 
step first and then the back side grinding step. 

Figs. 3(a) to 3(f) are schematically sectional views 
showing steps in order of a method for manufacturing a 
25 semiconductor device according to a second embodiment of 
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the present invention. In Figs. 3(a) to 3 (f), parts 
corresponding to the parts in Figs. 1(a) to 1(e) are given 
the same reference characters with those of the parts in 
Figs. 1 (a) to 1 (e) . 
5 A semiconductor wafer W (hereinafter referred to 

simply as wafer W) shown in Figs. 3(a) to 3(e) has been 
subjected to a variety of element forming steps, wiring 
forming steps and the like, and its surface 1 on an active 
surface layer region side is covered with a protective 
10 layer (passivation layer) comprising a nitride layer. A 
pad (not shown) for external electric connection is 
exposed from the protective layer. 

As shown in Fig. 3(a), a plurality of projection 
electrodes T made of, for example, gold (Au) are formed 
15 on the pad (electrode forming step) . Preferably, these 
projection electrodes' T are formed by, for example, 
electrolytic plating, and the height of each projection 
electrode T from the protective layer is, for example, 
about 50 iim. Each projection electrode T is in the form 
20 of a cylinder such as a circular cylinder or a rectangular 
cylinder. In addition to gold, solder and the like can be 
used as the material of the projection electrodes. 

After forming the projection electrodes T, as shown 
in Fig.3(b), a protective resin layer is formed over 
25 substantially the whole of the surface of the wafer W 
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(protective resin layer forming step) . The protective 
resin layer 3 is formed of, for example, an epoxy resin 
or the like and by, for example, a screen printing method. 
Preferably, the protective resin layer 3 has a thickness 

5 capable of embedding the projection electrodes T thereinto. 
In concrete, the protective resin layer 3 preferably has 
a thickness of about 100 /i m and such a protective resin 
layer 3 can fulfill its function of reinforcing the wafer 
W which has been subjected to the back side grinding 

10 treatment even after the following surface grinding 
treatment . 

After forming the protective resin layer 3, a back side 
resin layer 4 is formed over substantially the whole of 
the back side 2 of the wafer W as shown in Fig. 3(c). 

15 Preferably, the back side resin layer 4 is formed of the 
same material as that of the protective resin layer 3 and 
has a thickness substantially equal to that of the 
protective resin layer 3. Further, the back side resin 
layer 4 can be formed by a similar forming method to that 

20 of the protective resin layer 3. 

Preferably, the protective resin layer 3 forming step 
and the back side resin layer 4 forming step are performed 
successively or simultaneously in order to prevent such 
a temperature change as causing warping of the wafer W. 

25 If it is necessary to form the back side resin layer 4 a 
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relatively long time after forming the protective resin 
layer 3, the wafer W after completing the protective resin 
layer 3 forming step is preferably put in a 
temperature-controlled environment in order to prevent 
5 warping of the wafer W caused by the differences between 
the thermal expansion/contraction coefficients of the 
protective resin layer 3 and the wafer W. 

After the back side resin layer 4 is formed on the back 
side 2 of the wafer W, as shown in Fig.3(d), the surface 
10 1 of the wafer W is ground using, for example, a grinder 
(surface grinding step) . Precisely, the surface of the 
protective resin layer 3 is ground to expose the head 
portions of the projection electrodes T, and after the 
projection electrodes T are exposed, both of the 
15 protective resin layer 3 and the projection electrodes T 
are simultaneously ground. This surface grinding is 
performed till the thickness t3 of the protective resin 
layer 3 becomes, for example, about 40 /i m. After the 
surface grinding step is completed, the surface of the 
20 protective resin layer 3 and the top surfaces of the 
projection electrodes T are in the same plane. In this back 
side grinding step, the back side of the wafer W must be 
held by, for example, a vacuum chuck device, and at that 
time the back side 2 of the wafer W is protected by the 
25 back side resin layer 4. 
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Further, as shown in Fig. 3 (e) , the back side grinding 
step is performed, similarly, for example, using a grinder . 
In other words, the back side resin layer 4 is ground and 
removed away, and further the back side 2 of the wafer W 
5 is successively ground. Thereby the wafer W is thinned to 
a predetermined thickness tw (for example, tw being about 
100 Aim) . Since the surface 1 of the wafer W is protected 
by the protective resin layer 3, it is not necessary to 

CI 

TJj use a protective film or the like for protecting the wafer 

m 

|=| 10 W in the back side grinding step. 

o 

q Thereafter, as shown in Fig. 3(f), the protective 

111 resin layer 3 and the wafer W are cut by a dicing saw 5 

O along scribed lines (cutting lines) and pieces of 

in 

III semiconductor chips C, the perspective view of each of 

%. i 

p 15 which is shown in Fig. 4, are cut out (cutting out step) . 

In the back side grinding step and the surface 
grinding step, the whole of the wafer w is reinforced by 
the protective resin layer 3 formed on the surface 1 of 
the wafer W. Therefore, the wafer W is satisfactorily 
20 ground without being broken, so that thinning of the wafer 
W can be advantageously performed. 

Further, in handling the wafer W before the cutting 
out step and in cutting the wafer W by the dicing saw 5, 
the protective resin layer 3 reinforces the wafer W, and 
25 therefore, the wafer W and the semiconductor chips C are 
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prevented from being broken. Accordingly, the wafer W can 
be thinned to a desired thickness, which can contribute 
to thinning of the semiconductor chips. 

In the final shape of the semiconductor chip C shown 
5 in Fig. 4, the protective resin layer 3 protects the surface 
1 (active surface) of the wafer W. Further, the top 
surfaces of the projection electrodes T are exposed from 
the protective resin layer 3. Therefore, it is not 
necessary to package additionally the semiconductor chip 
10 C. By the above-mentioned steps, highly thinned 
semiconductor packages can be obtained. 

As mentioned above, in this embodiment, a protective 
resin layer 3 is formed on the surface 1 of a wafer W and 
a back side resin layer 4 is formed on the back side 2 of 
15 the wafer W, so that thermal expansion/contraction on the 
surface and the back side of the wafer W equally occur. 
Therefore, in the surface grinding step (Fig. 3(d)) and 
the back side grinding step (Fig. 3(e)), warp of the wafer 
W does not occur. Accordingly, each of the protective resin 
20 layer 3 and the back side 2 of the wafer W can be ground 
uniformly in any portion of the wafer W. As a result, a 
plurality of chips C cut out by the cutting out step (Fig. 
3(f)) have a uniform thickness. 

When a wafer W is, for example, in the state 
25 immediately after completing the surface grinding step as 
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shown in Fig. 3 (d) ) , the resin layers 3, 4 on the surface 
and the back side of the wafer W respectively are different 
in thickness from each other. And if the warp of the wafer 
W caused by the difference in thickness between the layers 
3,4 becomes a problem, it can be solved by holding the 
surface and the back side of the wafer by, for example, 
a chuck. After the back side grinding step is completed, 
the protective resin layer 3 is sufficiently thinned, so 
that undesirable warp of the wafer W can be prevented from 
occurring . 

Though the surface grinding step (Fig. 3(d)) is 
performed first and then the back side grinding step (Fig. 
3(e)) is performed in the above-mentioned embodiment, the 
surface grinding step may be performed after the back side 
grinding step. However, for the purpose of grinding a 
protective resin layer 3 uniformly in any portion of the 
wafer W, it is preferable to perform the surface grinding 
step first. 

Fig. 5 is a perspective view showing the structure of 
a semiconductor device according to a third embodiment of 
the present invention. The semiconductor device 10 has 
a chip-on-chip structure in which a secondary chip D (the 
second chip) is bonded face-down onto the surface (active 
surface) of a primary chip M(the first chip) with the 
surfaces (active surfaces) of the two chips M,D opposed 
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to each other. Each of the primary chip M and the secondary 
chip D is formed of, for example, a silicon chip, and active 
elements .such as a transistor, passive elements such as 
a resistance and a capacitor, wiring or the like are formed 
on the surface of each chip. 

In this embodiment, each of the primary chip M and the 
secondary chip D is formed in a rectangular shape when 
viewed in plan, and the secondary chip D is somewhat smaller 
than the primary chip M when viewed in plan. A plurality 
of projection electrodes (cylindrical electrodes in this 
embodiment) T functioning as external connection 
electrodes are provided in a region surrounding the 
secondary chip D on the surface (active surface) of the 
primary chip M. 

The region, in which the secondary chip D or the 
projection electrodes T are not provided, of the surface 
of the primary chip M is sealed with a protective resin 
(for example, epoxy resin) 11 so as to protect the surface 
of the primary chip M. Since the surface of the secondary 
chip D is opposed to the primary chip M and the side surfaces 
of the secondary chip D are sealed with the protective resin 
11, the secondary chip D is protected from outside. 

In this embodiment, the protective resin 11, the top 
surfaces of the projection electrodes T and the inactive 
surface of the secondary chip D are in the same plane. 
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The semiconductor device 10 with such a structure can 
be formed to be an extremely thin semiconductor device 
having a height nearly equal to the sum of the thicknesses 
of the primary chip M and the secondary chip D. Therefore, 
5 a thin-type chip-on-chip semiconductor device can be 
realized . 

Figs. 6(a) to 6(e) are sectional views showing steps 
in order of a method for manufacturing the above-mentioned 
semiconductor device 10. A protective layer (passivation 

10 layer) comprising a nitride layer or the like is formed 
on the surface (active surface) Wa of a semiconductor wafer 
W (hereinafter referred to simply as wafer W) as a 
semiconductor substrate. And pads of internal wiring are 
exposed from a plurality of portions of the protective 

15 layer in which external connections are required. As shown 
in Fig. 6 (a) , a plurality of projection electrodes T and 
a plurality of bumps B are formed on these pads (electrode 
forming step) . The projection electrodes T are formed on 
the pads for external connection, while the bumps B are 

20 formed on the pads for chip-to-chip connection to be 
connected to the secondary chip D. The projection 
electrodes T and the bumps B can be formed of the same 
material, and they are preferably formed of an 
oxidization-resisting metal, for example, gold. Further, 

25 the projection electrodes T are preferably formed to be 
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higher than the bumps B. 

Thereafter, as shown in Fig. 6(b) , the secondary chip 
D is bonded face-down onto the surface Wa of the wafer W 
with the surface (active surface) Da of the secondary chip 
5 D opposed to the surface Wa of the wafer W (chip bonding 
step) . And then, the surface Wa of the wafer W, the 
projection electrodes T and the bumps B are resin-sealed 
with a protective resin 11 (resin sealing step) . At this 

a 

%l) time, the head portions of the projection electrodes T 

UJ 10 and/or the back side (inactive surface) Db of the secondary 

O chip D may be left exposed from the protective resin 11, 

\t) 

Ml as long as the exposed portions of the surface Wa of the 

s 

wafer W are covered with the protective resin 11. 

s 

Then, as shown in Fig. 6(c), the back side (inactive 
15 surface) Wb of the wafer W is polished or ground by a grinder , 
thereby further thinning the semiconductor device. 

Thereafter, as shown in Fig. 6(d), the projection 
electrodes T are exposed by polishing or grinding the 
protective resin 11 by a grinder (electrode exposing step) . 
20 Further, after the grinding position reaches the inactive 
surface Db of the secondary chip D, the protective resin 
11 and the inactive surface Db of the secondary chip D are 
simultaneously polished or ground (chip grinding step) , 
thereby further thinning the secondary chip D and the 
25 protective resin 11. 
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After that, as shown in Fig. 6 (e) , the wafer W and the 
protective resin 11 are cut along scribed lines (cutting 
lines) L by a dicing saw 15. As a result, pieces of 
semiconductor devices 10 having a structure shown in Fig. 

5 are cut out, in each of which a secondary chip D is bonded 
onto a primary chip M cut out of the wafer W. 

Either of the step of Fig. 6(c) and the step of Fig 

6 (d) may be performed first, and the step of Fig. 6 (c) may 
be omitted if unnecessary. 

According to this embodiment, as mentioned above, a 
secondary chip D is bonded onto a primary chip M before 
the primary chip M is cut out of a wafer W, and projection 
electrodes T functioning as external connection 
electrodes are formed on the surface Wa of the wafer W on 
which the secondary chip D is bonded. Further, by cutting 
the wafer W with its surface Wa protected by a protective 
resin 11, pieces of packaged semiconductor devices 10 
having a chip-on-chip structure can be obtained. Therefore, 
it is possible to efficiently manufacture thin-type 
chip-on-chip semiconductor devices. 

In the above-mentioned embodiment, the protective 
resin 11, the projection electrodes T and the inactive 
surface Db of the secondary chip D are in the same plane. 
However, the head portions of the projection electrodes 
T may be protruded from the surface of the protective resin 
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11 as in the fourth embodiment shown in Fig. 7. Further, 
the inactive surface Db side of the secondary chip D may 
be protruded from the protective resin 11 as in the fifth 
embodiment shown in Fig. 8. The structures shown Figs. 7 
5 and 8 can be formed, for example, by sufficiently thinning 
the protective resin 11. In these cases, if the protective 
resin 11 tends to adhere to the head portions of the 
projection electrodes T, the protective resin adhered to 

a 

the head portions of the projection electrodes T can be 

m 

W 10 removed by polishing or grinding by a grinder or etching. 

tl Further, in the above-mentioned embodiment, the 

ttl projection electrodes T are higher than the inactive 

W surface Db of the secondary chip D. However, the height 

Ml of the projection electrodes T may be lower than the 

SI 

^ 15 inactive surface Db of the secondary chip D, as in the sixth 
embodiment shown in Fig. 9 (the height being, for example, 
less than 100 jum) . Even in this case, after the back side 
grinding step (grinding to the position indicated by a 
solid line) and the surface grinding step (grinding to the 

20 position indicated by a two dots and dash line) are 
completed, the same structure as that of the first 
embodiment can be obtained. By making low the height of 
the projection electrodes T, the projection electrodes T 
can be easily formed in a short time and the material 

25 thereof can be reduced. Thereby the productivity can be 
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improved and the manufacturing cost can be reduced . 
However, in order to grind simultaneously the secondary 
chip D and the projection electrodes T and thereby make 
their surfaces in the same plain, the height of each 
projection electrode T formed at the beginning is 
preferably higher than the active surface Da of the 
secondary chip D. 

Further, in the above-mentioned embodiment, an 
example is described in which a secondary chip D is bonded 
to a primary chip M. However, two or more secondary chips 
D may be bonded to a primary chip M. 

Further, though each of the projection electrodes T 
is in the form of a cylinder in the above-mentioned 
embodiment, it may be in the form of a bump. 

Furthermore, in the abovementioned embodiment, the 
primary chip M and the secondary chip D are formed of 
silicon semiconductors, respectively. However, in 
addition to silicon semiconductors, semiconductor chips 
formed of other arbitrary materials such as gallium 
arsenic semiconductors or germanium semiconductors can be 
applied to a semiconductor device according to the present 
invention. In this case, the semiconductor materials of 
the primary chip M and the secondary chip D may be the same 
or different from each other. 

Fig. 10 is a perspective view showing the structure 
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of a semiconductor device according to the seventh 
embodiment of the present invention. The semiconductor 
device 20 has a structure in which a semiconductor chip 
C is bonded face-down onto the surface of a tape-shaped 
5 wiring substrate 21 such as a polyimide substrate or a glass 
epoxy substrate with the active surface of the 
semiconductor chip C opposed to the surface of the 
substrate 21. In this embodiment, the semiconductor chip 
C is formed in a rectangular shape when viewed in plan. 
10 A plurality of projection electrodes (cylindrical 
electrodes in this embodiment) T protruded from the 
surface of the substrate 21 and functioning as external 
connection electrodes are provided in a region surrounding 
the semiconductor chip C. 
15 The region, in which the semiconductor chip C or the 

projection electrodes T are not provided, of the surface 
of the substrate 21 is resin-sealed with a protective resin 
(for example, epoxy resin) 25. The protective resin 25 
reinforces the whole of the semiconductor device 20 and 
20 serves to prevent the projection electrodes T from being 
deformed. Since the surface of the semiconductor chip C 
is opposed to the substrate 21 and the side surfaces of 
the semiconductor chip C are sealed with the protective 
resin 25, the semiconductor chip C is protected from 
25 outside. 
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In this embodiment, the protective resin 25, the head 
surfaces of the projection electrodes T and the inactive 
surface Cb of the semiconductor chip C are in the same 
plane . 

5 Figs. 11(a) to 11 (e) are sectional views showing steps 

in order of fabricating the above-mentioned semiconductor 
device. Fig. 11 (a) shows a semiconductor chip bonding step. 
q A wiring pattern is preliminarily formed on the substrate 

{!} 21 such as a polyimide substrate, for example, by copper 

III 

Q 10 electrolytic plating or the like. On the wiring pattern, 
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a plurality of pro j ection electrodes T are formed 
(electrode forming step) . A plurality of semiconductor 
chips C are bonded face-down onto the surface 21a of the 
substrate 21 on which the pro j ection electrodes T are 

15 formed. That is, each of the semiconductor chips C is bonded, 
through bumps B formed thereon, onto the substrate 21 with 
its active surface Ca i . e . the surface on the active surface 
layer side on which elements such as a transistor and a 
resistance are formed being opposed to the substrate 21, 

20 and the semiconductor chips C are electrically connected 
to the wiring pattern formed on the substrate 21. As a 
result, the semiconductor chips C are electrically 
connected to the projection electrodes T through the 
wiring pattern formed on the substrate 21. 

25 The semiconductor chips C bonded onto the substrate 
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21 have a rather large thickness, for example, about 300 
li m to 700 ix m . Such semiconductor chips C can be obtained 
by dividing a 300 ii m to 700 p. m thick semiconductor wafer 
(not shown) by a dicing saw. Such a sufficiently thick wafer 
5 are not broken or chipped off in the dicing step. In 
addition, the thick semiconductor chips C obtained through 
the dicing step are not broken or chipped off in the 
subsequent handling process for bonding the same onto the 
substrate 21. 

10 After the semiconductor chips C are bonded onto the 

substrate 21, a liquid resin (underfill) is injected into 
spaces between the active surfaces Ca and the substrate 
21 at need. 

Fig. 11(b) shows a resin sealing step performed 
15 subsequently to the semiconductor chip bonding step. In 
this resin sealing step, a metal mold (not shown) is used. 
Formed in this metal mold is a cavity for wholly containing 
the semiconductor chips C bonded onto the substrate 21 and 
the projection electrodes T provided around the 
20 semiconductor chips C. And the semiconductor chips C on 
the substrate 21 and the projection electrodes T are wholly 
sealed with the protective resin 25 (resin sealing step) . 
Thereby, the side walls 32 and the inactive surface Cb in 
opposite to the active surface Ca of each semiconductor 
25 chip C are covered with the protective resin 25, and each 
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projection electrode T is wholly embedded in the 
protective resin 25. Further, the side portions of the 
space between each active surface Ca and the substrate 21 
are sealed with the protective resin 25, so that the active 
5 surface Ca is protected. 

However, in this resin sealing step, the head portion 
of each projection electrode T and/or the back side (inert 
surface) Cb of each semiconductor chip C may be left exposed 

a 

kl) from the protective resin 25. 

m 

|U 10 Fig. 11(c) shows a grinding step performed 

a 

P subsequently to the resin sealing step and after the 

III protective resin 25 is hardened. In this grinding step, 
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grinding is carried out to a grinding target thickness To 
using a grinder. That is, the protective resin 25 is ground 



ill 

'5 

p 15 and thereby the inactive surfaces Cb of semiconductor 



chips C are exposed. After that, grinding of the protective 
resin 25 and grinding of the inactive surface Cb side of 
the semiconductor chips C are simultaneously carried out, 
to reach the grinding target thickness To. The grinding 
20 target thickness To is set so that the thickness t of the 
semiconductor chip C after being ground becomes, for 

example, about 100 /i m to 200 ji m . 

Then, as shown in Fig. 11(d), the protective resin 25 
and the substrate 21 are cut along cutting lines D provided 
25 between semiconductor chips C e.g. using a dicing saw 35, 
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thereby pieces of semiconductor devices 20 being cut out 
as shown in Fig. 11(e). In each semiconductor device 20 
cut out by this cutting out step, the whole of the side 
walls of the semiconductor chip C are covered with the 
5 protective resin 25 . The upper surface 2 5a of the 
protective resin 25 and the inactive surface Cb after being 
ground are in the same plane, and the corners of the 
semiconductor chip C is covered with the protective resin 

a 

•iH 25, so that the semiconductor chip C is protected in any 

Ml 

&f 10 portion thereof. 

"ssl 

p «' In each piece of semiconductor device 20 thus cut out, 

?=! 

3 " as shown in Fig. 11(e), through holes 27 are provided at 

need in the substrate 21 at the positions right below the 
base portions of the projection electrodes T. These 
15 through holes 27 are provided so that electric connection 
can be made from the back side of the substrate 21 to the 
projection electrodes T through the through holes 27. 

Further, as shown in Fig. 11(f), e.g. solder balls 2 8 
are formed at need in the through holes 27 by being 
20 transferred by printing. The solder ball 28 is connected 
at need to the wiring pattern 33 formed on the surface 21a 
side of the substrate 21 through the through hole 27 by 
ref lowing, as shown in Fig. 12. The semiconductor chip C 
is connected through a bump B to this wiring pattern 33, 
25 and the projection electrode T is bonded to the wiring 
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pattern 33 at another position. 

Fig. 13 is a perspective view explaining 
three-dimensional packaging or mounting of the 
above-mentioned semiconductor devices 20. On the surface 
5 of the packaging or mounting substrate 50, a print wiring 

51 is formed of copper or the like and a packaging region 

52 of the semiconductor devices 20 is set. On the packaging 
region 52, a plurality of semiconductor devices 20 are 

O 

J?i stacked and packaged. The plurality of semiconductor 

|ij 10 devices 20 may contain the same or different kinds of 

h 

p semiconductor chips C, respectively. 

flJ The layers of semiconductor devices 20 are 

p electrically connected to one another by connecting the 

«n 

f|| projection electrodes T of the layers of semiconductor 

H 

Cj 15 devices 20 to one another through the through holes 27 in 
the substrates 21 thereof (refer to Figs. 11(a) to 11(e) 
and Fig. 12) . And the layers of semiconductor devices 20 
are electrically connected to a circuit on the packaging 
substrate 50 by connecting the projection electrodes T of 

20 the lowest layer (the closest layer to the packaging 
substrate 50) of semiconductor device 20 to the print 
wiring 51 on the packaging substrate 50 through the through 
holes 27. The connection of the layers of semiconductor 
devices 20 to one another and the connection of the lowest 

25 layer of semiconductor device 20 to the print wiring 51 



43 



are achieved by melting the solder balls 28 through 
ref lowing . 

According to this embodiment, as mentioned above, a 
thin-type semiconductor package is realized by providing 
a semiconductor chip C and projection electrodes T on the 
same surface side of a substrate 21 and resin-sealing them. 
Therefore, it is not necessary to pull leads outward of 
the package, so that the occupied area on the packaging 
substrate 50 is reduced. Further, since the 
three-dimensional packaging or mounting of the 
semiconductor devices 20 is achieved by providing through 
holes 27 in the substrate 21, it is not necessary to 
individually bond leads of each layer of semiconductor 
device 20 to the packaging substrate, unlike the 
aforementioned conventional art. Accordingly, the 
three-dimensional packaging of the semiconductor devices 
20 can be extremely simply achieved. 

Further, the projection electrodes T, being 
surrounded by the protective resin 25 (insulator), are 
electrically stable without generating leak current or the 
like, and mechanically stable without being deformed or 
broken . 

Further, by using the projection electrodes T, the 
wiring distance between the semiconductor chip C of an 
upper semiconductor device and a lower semiconductor chip 
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C becomes short, and advantageously, highly speeding up 
of the electrical operation can be realized. 

When specified projection electrodes T of a specified 
semiconductor device 20 of the plurality of vertically 

5 stacked semiconductor devices 20 are desired to be 
independently connected to the packaging substrate 50, the 
structure shown in Fig. 14 can be adopted. That is, on the 
substrates 21 of the lower semiconductor devices 20 than 
the specified semiconductor device 20, independent (i.e. 

10 electrically unconnected to the semiconductor chips C of 
the lower semiconductor devices 20 than the specified 
semiconductor device 20) junction projection electrodes 
Tc are provided at the positions corresponding to the 
specif ied pro j ection electrodes T . Thereby, the specified 

15 projection electrodes T of the specified semiconductor 
device 20 can be connected through the junction projection 
electrodes Tc to the packaging substrate 50 independently 
of other semiconductor devices 20. 

In the above-mentioned description of this embodiment, 

20 a plurality of semiconductor devices 20 having the same 
size semiconductor chips C respectively are stacked and 
three-dimensionally packaged. However, by aligning 
projection electrodes T as shown in fig. 15, a plurality 
of semiconductor devices 100 containing different-sized 

25 semiconductor chips C respectively can be 
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three-dimensionally packaged similarly to the 
above-mentioned embodiment. 

Further, in the abovement ioned embodiment, the 
semiconductor devices 20, 100 are packaged or mounted 

5 face-up on the packaging substrate 50 with the 
semiconductor chips C thereof in the upward position. 
However, the semiconductor devices 20, 100 may be packaged 
or mounted face-down on the packaging substrate 50 with 
the semiconductor chips C thereof opposed to the packaging 

10 substrate 50. 

Further, in the above-mentioned embodiment, the 
solder balls 28 are provided in the through holes 27 in 
the substrate 21. However, cream solders, instead of the 
solder balls 28, may be provided in the through holes 27 

15 to be connected to the packaging substrate 50 or another 
layer of semiconductor device 20 by ref lowing. 

Further, in the above-mentioned embodiment, the 
protective resin 25, the projection electrodes T and the 
inactive surface Cb of the semiconductor chip C are in the 

20 same plane. However, the head portions of the projection 
electrodes T may be protruded from the upper surface of 
the protective resin 25, as in the eighth embodiment shown 
in Fig. 16. Further, the inactive surface Cb side of the 
semiconductor chip C may be protruded from the upper 

25 surface of the protective resin 25, as in the ninth 
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embodiment shown in Fig. 17. The structure shown in Figs . 16 
or 17 can be fabricated by sufficiently thinning the 
protective resin 25. In this case, if the protective resin 
25 tends to adhere to the head portions of the projection 
5 electrodes T, the protective resin adhered to the head 
portions of the projection electrodes T can be removed by 
polishing or grinding using a grinder or the like or 
etching . 

Further, in the above-mentioned embodiment, one 
10 semiconductor chip C is bonded onto the substrate 21 to 
fabricate the semiconductor device 20,100. However, it is 
possible to bond two or more semiconductor chips C in 
common onto a substrate 21 so as to fabricate a 
semiconductor device 25 containing more than one 
15 semiconductor chip C. 

Further, in the above-mentioned embodiment, the 
projection electrodes T are cylindrical, but they may be 
in the form of bumps. 

Further, in the above-mentioned embodiment, in the 
20 manufacturing process, plurality of semiconductor chips 
C are resin-sealed as a whole, but every semiconductor chip 
C or every two or three (i.e. a predetermined plurality 
of) semiconductor chips C may be resin-sealed. 

Further, in the above-mentioned each embodiment, 
25 mechanical grinding using a grinder is performed in the 
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grinding step, but the grinding step may comprise a 
chemical grinding step using an etching liquid or a 
chemical and mechanical polishing step such as CMP 
(chemical and mechanical polishing) method . However, 
5 since the grinding speed is made more account of than the 
grinding precision in grinding or polishing the inactive 
surface side of the semiconductor chip C, the mechanical 
grinding method using a grinder is the most preferable 

a 

il) among the above-mentioned three methods from a viewpoint 

m 

hi 10 of improving the manufacturing efficiency. 

9 

?*J The resin and the inactive surface of the 

semiconductor chip mechanically ground by a grinder will 
have grinding traces thereon. However, such grinding 
traces can be cleaned at need by a chemical method such 
15 as etching or the like. 

Further, in the above-mentioned embodiments, a dicing 
saw is used in the cutting out step for cutting out pieces 
of semiconductor devices. However, other cutting methods 
such as cutting with laser beam may be applied. 
20 Although the present invention has been described 

and illustrated in detail, it is clearly understood that 
the same is by way of illustration and example only and 
is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the 
25 terms of the appended claims. 
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